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Summary. This paper examines the impact of rural–urban migration on
under-two mortality in India, using data from the 1992/93 Indian National
Family Health Survey. Multilevel logistic models are fitted for mortality in
three age groups: neonatal, early post-neonatal, and late post-neonatal and
toddler. Migration status was not a significant determinant of mortality in
any of the three age groups. Further analysis shows that a relationship
between migration status and mortality exists when socioeconomic and health
utilization variables are omitted from the models. The relationship between
migration and mortality is thus explained by diﬀerences in socioeconomic
status and use of health services between rural–urban migrant and non-
migrant groups. The selectivity of rural–urban migrants on socioeconomic
characteristics creates mortality diﬀerentials between rural–urban migrants
and rural non-migrants. Problems faced by migrants in assimilating into
urban societies create mortality diﬀerentials between rural–urban migrants
and urban non-migrants. These results highlight the need to target migrants
in the provision of health services, and demonstrate that rural areas continue
to have the highest levels of infant–child mortality. Further research is needed
to understand the health care needs of rural–urban migrants in order to
inform the provision of appropriate health care.
Introduction
The level of rural-to-urban migration in India has traditionally been low
(Mehta, 1990; Singh, 1992; Skeldon, 1986). The migration system in India is
dominated by short distance rural-to-rural moves at the intra-district level. The
past two decades, however, have witnessed an evolution in India’s migration
system, with the increasing importance of rural-to-urban migration. Between 1970
and 1990 the percentage of rural migrants with an urban destination doubled from
21% to 40% (Patil, 1993). Relative to other contemporary developing nations,
however, the level of urbanization in India is low, with only 25% of the total
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population living in urban areas (International Institute for Population Sciences,
1994).
There exists a rural–urban dichotomy in the survival prospects of infants and
children in India. The Indian National Family Health Survey (INFHS) 1992/93
reports that the infant mortality rate in urban areas was 56 per thousand live births,
much lower than the rural rate of 85 per thousand live births. Similarly, the under-five
mortality rate of urban areas at 74 per thousand live births is lower than the rural
rate of 120 per thousand live births. Previous studies suggest that this dichotomy is
a product of a combination of the diﬀering child care practices and reproductive
behaviour in urban and rural areas of India, and the diﬀerential access to health
services between urban and rural areas (Gandotra, Das & Day, 1982; Jain, 1979).
Given the presence of a clear urban–rural diﬀerential in infant and child survival
in India, and the growth of the rural–urban migration stream in India’s migration
system, this paper poses the question: what is the impact on infant and child survival
of migrating from the high mortality regime of rural areas to the relatively lower
mortality regime of urban areas? The increasing importance of rural–urban migration
in India leads to a greater number of people who are exposed to new environments
and, potentially, to new influences on health and mortality. An understanding of the
mortality risks associated with rural–urban migration has the potential to influence
health policy and the provision of health services through an appreciation of the
diﬀerential health needs of rural–urban migrants relative to non-migrant groups.
Background
Rural–urban migration in India
Internal migration in India has long been dominated by short distance rural-to-
rural migration, with 60% of all movements occurring between rural areas at the
intra-district level (Mehta, 1990; Skeldon, 1986; Singh, 1992). During the last three
decades urbanization has increased rapidly with the percentage of the population
living in urban areas increasing from 19·9% to 25·7% between 1971 and 1991
(Diwaker & Qureshi, 1992). As a result more than 200 million people now live in the
cities of India (approximately 25% of the total population), 30% of which live below
the poverty line (Selvaraj & Rao, 1993). In 1960 21% of migrants from rural areas
had an urban destination, by 1970 this had increased to 25·4% and by 1990 it had
increased to more than 40% (Patil, 1993). The consequences of this process have
included the rapid growth of India’s cities. The 1991 census showed that all of India’s
one million-plus cities have over one-third of their population made up of migrants,
with the growth in rural areas (19·7%) being much lower than in urban areas (46·4%;
Smita & Chandna, 1991).
Migration to an urban destination has traditionally been male dominated, and at
the interstate level all migration streams are male dominated (Skeldon, 1986). Gill
(1981) notes that the ratio of migrating females to the total migrants varies inversely
with the distance of migration. The participation of females in all migration streams
has, however, increased since 1970 (Skeldon, 1986). This trend is particularly apparent
in the rural–urban stream, where the sex ratio of migrants has declined from
119 males per 100 females in 1961–1971 to 100 males per 100 females in 1971–81
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(Skeldon 1986). This increase has been attributed to similar increases in rates of
female participation in education and the labour force. Ferre & Gulger (1983) note
that the increasing number of female urban migrants has led to an increase in the
number of females employed in unskilled work in urban areas of south India.
Sekhar (1993) notes that rural–urban migration in India involves those from both
the low and high socioeconomic strata. For the poor in rural areas, urban-ward
migration is a survival strategy against decreasing productivity, whereas for the rich,
such migration is a strategy of economic accumulation (Sekhar, 1993). The propensity
to migrate to an urban area is highest among educated people in rural areas
(Greenwood, 1971), with the availability of employment in the major urban areas,
particularly the mega-cities, providing the main attraction for migrants. Rural areas
hold greater economic security for the unskilled and uneducated, for whom
employment is scarce in the cities.
Migration and mortality
The relationship between migration and mortality is an area that has been little
researched. Many previous studies have focused on the biological or physiological
consequences of migration to an urban area (Pollock, 1986; Bogin & MacVean, 1981;
Padilla, 1980; Brody, 1973). Brockerhoﬀ’s (1995) analysis of Demographic and Health
Survey data from seventeen countries demonstrates a three-level relationship between
rural–urban migration and infant/child mortality. The survival prospects of rural–
urban migrants were higher than those in their rural origin. The survival prospects of
rural–urban migrants, however, remained below those of urban non-migrants
(Brockerhoﬀ, 1995). A similar pattern has been found when examining the use of
health services among migrant and non-migrant groups (Tam, 1994; Zulkifili et al.,
1994; Bender et al., 1993). Tam (1994) examined the association between rural–urban
migration and maternal and child health service use in Bolivia and Peru, and showed
that migrants increase their use of health services relative to their rural origin, but
never replicate the utilization patterns of urban natives. Similar results have been
shown in Malaysia (Zulkifili et al., 1994), Senegal (Fassin & Jeannee, 1989) and
Bolivia (Bender et al., 1993), with the level of use of modern health services by
rural–urban migrants being consistently between the levels observed in the urban and
rural non-migrant groups. Hence, both health outcomes and health-seeking behav-
iours demonstrate a three-level relationship, in which rural–urban migrants are
between the outcomes/behaviours of their rural origin and urban destination.
Brockerhoﬀ (1995) suggests that there are three groups of children that can be
aﬀected to diﬀering degrees by the process of rural-to-urban migration: those children
left behind in the rural areas; those who accompany their mothers on migration; and
those born after migration has taken place. Each of these groups has a diﬀerent
survival prospect, with those remaining in the rural areas and those born either
2 years before or after migration holding the greatest mortality risks. Children born
more than 2 years after migration have the lowest rates of mortality, and there
appears to be no decline in mortality rates beyond this with duration of residence in
urban areas (Brockerhoﬀ, 1990). Children born more than 2 years after migration still
do not manage to achieve the low mortality rates of urban non-migrants.
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Two hypotheses have been suggested to explain the diﬀerential health outcomes
between migrant and non-migrant groups. Firstly, migrant selectivity, in which the
process of rural–urban migration is selective for those with characteristics that
predispose them to particular health behaviours (for example, higher levels of
education). The increased survival prospects among the children of rural–urban
migrants is determined by characteristics that also make them the most likely to
migrate out from rural areas (Brockerhoﬀ & Eu, 1993). Uyanga (1983) suggests that
this creates a migrant personality, in which those migrating between rural and urban
areas are more receptive to the use of modern health facilities, and thus have better
health outcomes than rural non-migrants. This, coupled with the increased availability
of health services and a potential for greater socioeconomic status in urban areas,
produces health diﬀerentials between rural–urban migrant and rural non-migrant
groups (Uyanga, 1983).
The diﬀerential health outcomes between rural–urban migrants and urban
non-migrants are suggested to be the product of migrant diﬃculties in assimilating
into the new urban environment (Goldsheider, 1989; Richman et al., 1987). Migrant
assimilation refers to the extent to which a migrant assimilates economically, socially
and culturally into the host society (Berry, 1992; Goldscheider, 1989). A migrant’s
successful assimilation into their new urban environment depends not only on the
behaviour and social mobility of the migrant, but also on the receptivity of the urban
society (Brockerhoﬀ, 1995). The concentration of migrants in low income and
informal employment sectors often creates a distinct underclass, preventing migrants
from fully assimilating into urban society. Abu-Loghod (1961) notes the importance
of social institutions in aiding the assimilation of migrants into the host population.
Such social institutions include community groups, health services, and family
members already living in the host area, which can provide information to allow the
migrant to adapt to their new urban environment. The inherent cohesiveness of
migrant populations, and the continued pattern of rural social institutions in urban
areas, may result in a lack of social interaction between the migrant and urban
populations. The failure of migrants to assimilate into their new urban environment
can lead to the continuation of traditional rural medical practices among migrant
groups and the under-utilization of modern health services (Davidson, 1983; Uyanga,
1983). The concentration of migrants in the lower socioeconomic strata,
their under-utilization of health services and the continuation of rural medical
practices results in a mortality diﬀerential between rural–urban migrants and urban
non-migrants.
This paper examines the impact of rural–urban migration on under-two mortality
in India, and examines the pathways through which migration may act to influence
mortality. The processes of migrant selectivity and assimilation are examined as
potential explanations for mortality diﬀerentials between rural–urban migrant and
non-migrant groups.
Data and methods
The data set for this analysis is the 1992/93 Indian National Family Health Survey
(INFHS). The target population for the survey was ever-married women aged 13–49,
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with data collected at three levels: individual, household and village. Data were
collected for each of the twenty-four states of India and the National Capital
Territory of Delhi (International Institute for Population Sciences, 1994). In order to
ensure that enough migrants are included in the analysis sample, the data for the
whole of India are used, such that a sample size of 89,777 women is analysed. To
reduce the influence of recall bias on the reporting of children’s age at death, the
analysis is restricted to children born in the 5 years prior to the survey. Hence the
analysis refers to births during the period 1988–1992.
The analysis of mortality concentrates on the under-two-year age group, divided
into three intervals: neonatal (less than one month), early post-neonatal (1–7 months)
and late post-neonatal and toddler (8–24 months). The reasons for this division are
two-fold. Firstly, the data from the INFHS (1992/93) display evidence of age-heaping
in the mother’s reporting of the age of death of the child. To surmount these
problems age groups have been chosen that include the age heaps: the 7–24 month
category includes the heaps at 6, 12 and 18 months. The second reason for the choice
of mortality periods is the recognition of the changing determinants of mortality with
age of the child.
This analysis applies a three-level multi-level logistic regression model in each of
the mortality periods: child (level one), woman (level two) and primary sampling unit
(PSU; level three), with a binary mortality outcome (coded 1 if the child died). The
INFHS (1992/93) collected complete birth histories from each woman, such that many
women contribute more than one birth to the sample, so children are naturally
clustered within women. In addition to this natural clustering of children within
mothers, the sample design of the INFHS (1992/93) imposes the clustering of women
within primary sampling units. The three-level logistic model can be written as
follows:
logit (pijk)=xijk +ujk+vk,
where pijk is the probability of dying for the ith child in the jth family in the kth
cluster, xijk is a vector of covariates corresponding to the ith child in the jth family
in the kth cluster,  is a vector of unknown parameters, ujk is the random eﬀect at
the woman level, and vk is the random eﬀect at the primary sampling unit level. A
significant random component (uij, vk) indicates that there is a significant variation in
the risk of death between families or clusters, suggesting unobserved familial or
cluster-level heterogeneity. The models are estimated using the first-order predictive
quasi-likelihood estimation procedure, which corrects for the downward bias in
standard errors and overstatement of the significance of the independent variables due
to the clustering of observations within units.
The INFHS (1992/93) contains a range of variables that can be used as potential
explanatory factors for infant and child mortality, including factors relating to
pregnancy and childbirth, socioeconomic status of the individual and household,
environmental characteristics of the household, and the utilization of health services.
The INFHS (1992/93) did not collect data on household income. A standard of living
index was calculated using variables relating to household socioeconomic character-
istics, household environmental conditions and the ownership of goods, and is used
in the analysis as a composite index to represent the socioeconomic status of the
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household. The standard of living index was calculated by giving each of categories
of the variables relating to household environmental conditions and ownership of
goods a score according to the relative desirability (e.g. piped water into the house
was given a higher score than the use of well water). The scores were then summed
and divided into five categories to represent diﬀerent socioeconomic groups.
The variables that were significantly related to mortality in the multi-level logistic
models are then grouped into four categories: biodemographic, socioeconomic, health
care utilization and geographic. For each of the three mortality periods five further
models are fitted, each one regressing migration status and one of the four categories
of the determinants of mortality against mortality status. This modelling process is
illustrated in Table 1. Model 1 in each mortality period includes only migration status
as an explanatory variable, whilst Model 2 includes migration status and bio-
demographic variables as explanatory variables. Thus, each of the five models fits
migration status and a diﬀerent category of mortality determinants against mortality
status. This modelling strategy is intended to allow a comparison of the influence of
each of the diﬀerent sets of factors on the relationship between migration and
mortality.
The migrant population
For the purpose of this research, a migrant is defined as a respondent who has moved
between any combination of rural and urban areas in the 10 years prior to the survey.
This definition was used partly due to the limited migration information collected in
the INFHS (1992/93). Migration histories were not collected, and thus questions
relating to the number of years spent in the respondent’s current place of residence,
and the type of both the previous and current place of residence (rural or urban),
were used to establish migration status. Using this information it was possible to
identify four migration streams: rural-to-rural, urban-to-urban, rural-to-urban and
urban-to-rural. This definition of a migrant captures only the last migration made by
each respondent in the 10 years prior to the survey, and may omit those involved in
circular migration. Although there are alternative sources of migration data for India
(the Census and the Sample Registration System), neither of these includes informa-
tion on other factors that can be used to examine under-two morality (socioeconomic
and health care utilization). The INFHS (1992/93) represents the best opportunity to
examine the relationship between migration and mortality in India whilst controlling
for other correlates of mortality.
Table 2 displays the distribution of the three analysis samples by migration status.
The cases are the children of migrant and non-migrant women. A variable was
created categorizing the sample into urban non-migrants, rural non-migrants and
rural-to-urban migrants. Migrants taking part in the remaining streams (rural–rural,
urban–urban and urban–rural) are now referred to as ‘other migrants’. Approximately
8% of the analysis samples are rural–urban migrants, compared with approximately
10% in the general Indian population in 1990 (Mehta, 1990).
Table 3 displays the neonatal and post-neonatal mortality rates for each of the age
intervals under analysis by migration status. The mortality of the rural–urban
migrants is lower than that of the rural non-migrants in all three mortality intervals.
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The rural–urban migrant mortality is above that of the urban non-migrants in each
of the three intervals. This indicates that the migration–mortality relationship found
by Brockerhoﬀ (1995), in which the mortality of migrants lies between that of the
origin and destination, may also be apparent in India. The mortality diﬀerentials
between migrants and urban non-migrants are greater after the neonatal period,
demonstrating that it is only in the neonatal period that the children of rural–urban
migrants gain most of the benefits of urban residence.
Results
The influence of urban/rural residence on mortality
Rural/urban residence was entered into the models as an explanatory variable to
test the influence of place of residence on mortality. When rural/urban residence was
entered as the only explanatory variable, rural areas showed greater odds of mortality
in all three age groups (neonatal 1·28, post-neonatal 1·32, late post-neonatal and
toddler 1·43). The relationship between rural/urban residence and mortality remains
significant when controlling for the socioeconomic and biodemographic characteristics
Table 2. Distribution of analysis sample by migration status
Neonatal Early post-neonatal Late post-neonatal & toddler
Urban non-migrant 6731 (11·0) 5809 (11·2) 3925 (11·8)
Rural non-migrant 21,360 (34·9) 18,107 (35·0) 12,322 (37·1)
Rural–urban migrant 4929 (8·1) 4205 (8·1) 2613 (7·9)
Other migrant* 28,111 (46·0) 23,561 (45·6) 14,371 (43·2)
Total 61,131 (100·00) 51,682 (100·00) 33,213 (100·00)
*‘Other migrant’ refers to remaining combinations of rural and urban: rural–rural, urban–
urban and urban–rural.
Figures in parentheses are percentages.
Table 3. Neonatal and post-neonatal mortality rates by migration status
Neonatal
Early
post-neonatal
Late
post-neonatal & toddler
Total rate (per thousand live births) 43·6 19·0 26·4
Migration status
Urban non-migrant 34·1 13·2 17·8
Rural–urban migrant 34·6 16·8 21·8
Rural non-migrant 45·5 20·5 32·3
Other migrant 46·9 19·5 24·6
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of the children. When variables indicating environmental conditions and the use of
maternal health services are included in the model there is no longer a significant
relationship between mortality and rural/urban residence. Place of residence is thus an
important correlate of under-two mortality, and the diﬀerences between rural and
urban areas are explained by diﬀerential use of maternal health care and environ-
mental conditions, reflecting the diﬀering service regimes and socio-environmental
infrastructures of rural and urban areas.
The influence of migration on under-two mortality
Tables 4 presents the results of the multi-level modelling of under-two mortality.
The discussion will concentrate on the importance of the migration status variable as
a determinant of under-two mortality. Migration status is not a significant correlate
of mortality in any of the three mortality periods analysed when controlling for other
determinants of mortality. Interaction terms were fitted between migration status and
each of the other determinants of mortality, but none of these was significant. The
analysis also used variables relating to the duration of residence in urban areas, the
timing of migration in relation to the birth of the child (before, after or in the same
year) and the timing of migration in relation to marriage (before, after or in the same
year). None of these variables was significantly related to mortality in any of the three
periods analysed. The insignificance of length of time in urban areas shows that there
is no ‘dose–response’ relationship between migration and mortality.
Model 1, which includes migration status as the only explanatory variable,
displays a significant relationship between migration status and both neonatal and
late post-neonatal and toddler mortality. In the neonatal period, rural non-migrants
have a 33% greater odds of experiencing mortality than rural–urban migrants. There
is no statistically significant diﬀerence in the odds of neonatal mortality between the
urban non-migrant and rural–urban migrant groups. In the late post-neonatal and
toddler period rural non-migrants have a 50% greater odds of experiencing mortality
when compared with rural–urban migrants, whilst urban non-migrants have a 18%
lower odds of experiencing mortality than the rural–urban migrants. There is no
significant relationship between migration status and early post-neonatal mortality.
Model 2 introduces the biodemographic determinants of mortality into the model,
and this process has no eﬀect on the significant relationship between migration status
and neonatal mortality. The relationship between migration status and early
post-neonatal mortality is not significant. In the late post-neonatal and toddler
periods the significant diﬀerence in the odds of mortality between the urban
non-migrants and rural–urban migrants is no longer apparent, although the diﬀerence
in the odds of mortality between rural–urban migrants and rural non-migrants
remains significant. Whilst the relationship between migration and mortality among
rural–urban migrants and rural non-migrants is independent of biodemographic
factors, such factors are important in explaining the mortality diﬀerentials found
between rural–urban migrants and urban non-migrants.
The introduction of the socioeconomic determinants of mortality in Model 3
results in the disappearance of a statistically significant relationship between migration
status and mortality in the neonatal and late post-neonatal and toddler groups. The
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Table 4. Odds ratios, with 95% confidence intervals, for multilevel logistic models of
neonatal, post-neonatal, and late post-neonatal and toddler mortality
Variable Neonatal
Early
post-neonatal
Late
post-neonatal & toddler
Migration status
Rural–urban migrant 1·00 1·00 1·00
Urban non-migrant 1·09 (0·87, 1·30) 0·95 (0·60, 1·29) 0·93 (0·55, 1·30)
Rural non-migrant 1·12 (0·93, 2·05) 0·77 (0·48, 1·06) 1·19 (0·87, 1·50)
Other migrant 1·15 (0·96, 1·34) 1·06 (0·78, 1·33) 1·01 (0·70, 1·31)
Maternal age
<19 1·00 1·00 1·00
20–24 0·85 ( 0·73, 0·96) 0·84 (0·66, 1·01) 0·93 (0·77, 1·09)
25–29 0·93 (0·79, 1·06) 0·75 (0·52, 0·97) 0·95 (0·32, 1·27)
30–34 1·21 (1·04, 1·38) 0·75 (0·46, 1·03) 1·05 (0·89, 1·21)
35+ 1·17 (1·05, 1·38) 1·15 (0·82, 1·47) 1·08 (0·74, 4·12)
Previous birth interval
<18 months 1·00 1·00 1·00
18–36 months 0·46 (0·33, 0·58) 0·47 (0·28, 0·66) 0·52 (0·33, 0·71)
>36 months 0·34 (0·19, 0·48) 0·32 (0·09, 0·54) 0·31 (0·07, 0·54)
First birth 0·75 (0·61, 0·88) 0·46 (0·24, 0·67) 0·42 (0·19, 0·64)
Sex of child
Male 1·00 1·00 1·00
Female 0·84 (0·76, 0·92) 0·99 (0·85, 1·12) 1·38 (1·24, 1·51)
Size of child at birth
Large 1·00 1·00 1·00
Average 0·43 (0·32, 0·52) 0·63 (0·46, 0·79) 0·46 (0·28, 0·63)
Small 0·96 (0·84, 1·07) 1·25 (1·06, 1·43) 0·74 (0·53, 0·94)
Premature birth
No 1·00 1·00 1·00
Yes 8·28 (8·14, 8·41) 2·33 (2·01, 2·64) 2·14 (1·75, 2·52)
Don’t know 1·71 (1·18, 2·23) 1·27 (0·42, 2·11) 1·60 (0·81, 2·38)
Ever breast-fed
Yes na 1·00 na
No na 5·06 (4·79, 5·32) na
Time of weaning
<6 months na na 1·00
>6 months na na 1·96 (1·78, 2·13)
Not breast-fed na na 1·89 (1·37, 2·40)
Maternal education
Illiterate 1·00 1·00 1·00
Primary–middle 0·80 (0·66, 0·93) 0·72 (0·53, 0·90) 0·63 (0·40, 0·86)
Higher+ 0·57 (0·36, 0·77) 0·41 (0·03, 0·79) 0·25 (0·13, 0·37)
24 R. Stephenson, Z. Matthews and J. W. McDonald
Table 4. Continued
Variable Neonatal
Early
post-neonatal
Late
post-neonatal & toddler
Standard of living index
Rich 1·00 1·00 1·00
Upper middle 1·03 (0·72, 1·33) 1·25 (0·66, 1·83) 1·46 (0·69, 2·63)
Middle 1·01 (0·73, 1·29) 1·37 (0·83, 1·90) 1·62 (0·91, 2·32)
Lower middle 1·41 (1·13, 1·75) 1·78 (1·24, 2·31) 2·51 (1·81, 3·20)
Poor 1·56 (1·27, 1·85) 1·95 (1·40, 2·49) 2·90 (2·19, 3·60)
Received tetanus toxoid injection during pregnancy
Yes 1·00 1·00 1·00
No 1·16 (1·05, 1·26) 1·46 (1·25, 1·66) 1·20 (0·98, 1·41)
Months pregnant when sought prenatal care
<2 1·00 1·00 1·00
3–4 1·77 (1·62, 1·91) 1·08 (0·77, 1·39) 1·03 (0·64, 1·42)
5–6 1·84 (1·69, 1·98) 1·10 (0·64, 1·56) 1·06 (0·79, 1·33)
>7 1·76 (1·58, 1·93) 1·07 (0·78, 1·36) 1·10 (0·88, 1·32)
No prenatal care 1·50 (1·25, 1·94) 1·09 (0·87, 1·31) 1·09 (0·76, 1·42)
Place of residence
Urban 1·00 1·00 1·00
Rural 1·14 (0·89, 1·39) 1·11 (0·73, 1·49) 1·10 (0·76, 1·44)
State
Kerala 1·00 1·00 1·00
Andhra Pradesh 2·94 (2·50, 3·37) 2·44 (1·76, 3·11) 1·46 (0·54, 2·57)
Assam 2·81 (2·38, 3·23) 2·31 (1·62, 2·99) 3·42 (2·59, 4·24)
Bihar 2·94 (2·53, 3·34) 2·62 (1·96, 3·27) 3·50 (2·69, 4·30)
Goa 1·21 (0·67, 1·74) 1·15 (0·25, 2·04) 0·95 (0·22, 2·12)
Gujarat 2·93 (2·49, 3·36) 2·73 (2·02, 3·43) 4·05 (3·22, 4·88)
Haryana 2·16 (1·71, 2·30) 2·99 (2·30, 3·67) 3·74 (2·90, 4·58)
Himachal Pradesh 2·34 (1·88, 2·79) 1·75 (0·99, 2·50) 0·88 (0·19, 1·95)
Jammu & Kashmir 2·53 (2·06, 2·99) 1·17 (0·33, 2·00) 1·50 (0·52, 2·47)
Karnataka 2·18 (1·75, 2·66) 1·26 (0·53, 1·98) 1·49 (0·63, 2·54)
Madhya Pradesh 2·55 (2·14, 2·95) 2·31 (1·65, 1·98) 3·77 (2·96, 4·57)
Maharashtra 2·46 (2·02, 2·89) 1·30 (0·54, 2·05) 1·79 (0·89, 2·68)
Orissa 3·04 (2·62, 3·45) 3·68 (3·02, 4·33) 3·36 (2·53, 4·18)
Punjab 2·57 (2·10, 2·98) 2·75 (2·01, 3·48) 2·51 (1·59, 3·42)
Rajashtan 2·02 (1·59, 2·44) 2·10 (1·42, 2·77) 3·49 (2·67, 4·30)
Tamil Nadu 2·69 (2·25, 3·12) 1·60 (0·85, 2·34) 2·12 (1·23, 3·00)
West Bengal 2·84 (2·42, 3·25) 1·88 (1·19, 2·56) 2·30 (1·46, 3·13)
Uttar Pradesh 3·59 (3·20, 3·98) 2·74 (2·10, 3·37) 3·91 (3·12, 4·69)
New Delhi 2·91 (2·46, 3·35) 3·06 (2·34, 3·77) 4·22 (3·35, 5·08)
North-eastern states 1·34 (0·92, 1·76) 1·35 (0·67, 2·02) 1·35 (0·67, 2·02)
na: variable not included in the model.
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direction of the relationships remains similar to that seen in Model 1, yet the
relationship is no longer significant at the 5% level. The relationship between
rural–urban migration and neonatal and late post-neonatal and toddler mortality is
partly explained by diﬀerences in the distribution of the socioeconomic determinants
of mortality between migrant and non-migrant groups.
Model 4 introduces variables associated with maternal health care utilization into
the model, and there is no longer a significant relationship between migration status
and neonatal or late post-neonatal and toddler mortality. The mortality diﬀerentials
present in these two groups are thus partly explained by the unequal distribution of
maternal health care variables between migrant and non-migrant groups.
Model 5 introduces the state in which the respondent lives into the model, in order
to examine the eﬀects that state-level variations in cultural influences on mortality and
service availability have on the relationship between migration and under-two
mortality. The significant relationships between migration status and neonatal and
late post-neonatal and toddler mortality remain after the introduction of state into the
model, suggesting that the impact of migration on mortality is independent of the
state in which the respondent lives.
Unobserved heterogeneity in mortality
Table 5 shows the household- and primary sampling unit- (PSU) level random
eﬀects terms for the three mortality periods. Significant household-level variation in
the odds of mortality was found only in the neonatal period. It is likely that the
household-level variance reflects maternal heterogeneity: that is, the propensity for
children from the same mother to experience neonatal mortality due to shared genetic,
parental and environmental characteristics, beyond those controlled for in the model.
Significant PSU-level variation was found in both the neonatal and late post-neonatal
and toddler periods. A PSU represents a sample of 30 households in rural areas and
20 households in urban areas. The place of residence (rural/urban) was not significant
once socioeconomic and maternal health care variables were controlled for, yet the
presence of PSU variation in mortality indicates that there are more local-level
variations in mortality. The presence of PSU variation in mortality after controlling
for socioeconomic and maternal health care factors may reflect local-level variations
in accessibility to child health facilities, child care practices and environmental
conditions.
Table 5. Beta coeﬃcients and standard errors of random eﬀects terms in multilevel
logistic models of neonatal, post-neonatal, and late post-neonatal and toddler
mortality
Level Neonatal Early post-neonatal Late post-neonatal & toddler
Household 0·459 (0·097) 0·229 (0·239) 0·017 (0·214)
Primary sampling unit 0·072 (0·032) 0·077 (0·071) 0·214 (0·079)
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Migrant selectivity
In both the neonatal and late post-neonatal and toddler periods, rural non-
migrants had significantly higher odds of mortality relative to rural–urban migrants,
yet these relationships were no longer significant once maternal education was
controlled for. Higher levels of maternal education have long been shown to be
associated with lower levels of infant and child mortality (Cleland, 1990; Cleland &
van Ginneken, 1988; Caldwell, 1986; Caldwell & McDonald, 1982), a relationship that
operates through a range of pathways, including greater access to services and
resources and increased personal autonomy and power in decision-making. The
mortality diﬀerentials between rural non-migrants and rural–urban migrants are
created not necessarily through the process of migration, but through the greater
propensity for those with higher educational attainment to migrate between rural and
urban areas. The mortality diﬀerentials between those with diﬀering levels of
education may be apparent within rural areas, although the process of migration to
an urban area may increase mortality diﬀerentials between educational groups
through the exposure to a new service environment and social infrastructure. The
greater powers of autonomy and decision-making aﬀorded to those with higher levels
of education may be put into practice in urban areas with greater service availability,
rather than be restricted by the poor service availability environments of rural areas.
Change in environments
Rural non-migrants had significantly greater odds of both neonatal and late
post-neonatal and toddler mortality than rural–urban migrants until the standard of
living index was included in the models. Mortality diﬀerentials between these two
groups are a product of diﬀerences in environmental and socioeconomic conditions
experienced by rural non-migrant and rural–urban migrant groups. The rural
non-migrant group is characterized by employment in the agricultural sector (80%),
residence in informal housing (63%) and dependence on informal sanitation facilities
(49%). The rural–urban migrant group is characterized by employment in the
service/production sector (47%), residence in semi-pucca or pucca housing (69%) and
the use of piped water sources (77%). These diﬀerences in living environments
between rural non-migrants and rural–urban migrants may be the result of two
factors: the educational selectivity of the rural–urban migrant group, which aﬀords
them greater employment opportunities; and the superior infrastructure of urban
areas, which increases the availability of formal housing and sanitation facilities
relative to rural areas. The introduction of variables indicating the uptake of maternal
health care services also resulted in the lack of a significant mortality diﬀerential
between rural–urban migrants and rural non-migrants in the neonatal and late
post-neonatal and toddler groups. This reflects the diﬀering availability of maternal
health care services between rural and urban areas. The provision, and consequently
the uptake, of maternal health care in rural India is inferior to that found in urban
areas (Prasad & Somayjulu, 1992). Rural–urban migrants thus migrate between two
very diﬀerent environments, with diﬀerent service availabilities, environmental con-
ditions and social infrastructures, which together with the educational selectivity of
rural–urban migration, act to create mortality diﬀerentials between the rural
non-migrant and rural–urban migrant groups.
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Migrants’ social and economic assimilation
In the late post-neonatal and toddler periods the rural–urban migrant group have
significantly higher odds of mortality than the urban non-migrant group. This
relationship is explained by the inclusion of socioeconomic and health care utilization
variables into the model. The housing of rural–urban migrants is characterized by
informal dwellings on the outskirts of urban areas, often lacking formal health and
sanitation facilities (Brockerhoﬀ, 1995). The environmental characteristics of such
informal housing have been shown to be detrimental to child survival prospects
(Dhanalakshmi & Murphy, 1993). The influence of environmental conditions on child
mortality has been emphasized in studies that show level of overcrowding and lack of
sanitation facilities to be major determinants of child survival prospects (Timaeus &
Lush, 1995). The siting of migrant housing has also been shown to aﬀect child and
infant mortality, the economic inferiority of migrants forcing them to occupy land
more subject to physical and chemical hazards posed by the proximity of heavy
industry, hence increasing the risks of respiratory infections (Brockerhoﬀ, 1995).
Prasad & Somayjulu (1992) demonstrated that the slum dwellers of Calcutta and
Mumbai experienced a severe lack of government health services. Although these
cities are better equipped in terms of health services than the rural areas, the primary
health care services appeared to be inaccessible to the poorer sectors of the urban
society, in which migrants are often concentrated.
The late post-neonatal and toddler mortality diﬀerentials between urban non-
migrants and rural–urban migrants are explained by diﬀerences in the standards of
living and utilization of maternal health services between by the two groups. The
rural–urban migrant group is concentrated in the lower economic strata, with 46% in
the bottom two groups of the standard of living index, compared with 36% of the
urban non-migrant group. Only 2% of the rural–urban migrant group are in the
highest group of the standard of living index, compared with 9% of the urban
non-migrant group. These disparities between rural–urban migrants and urban
non-migrants indicate that migrants have failed to assimilate fully into their new
urban environment. Despite educational levels that are similar to the urban
non-migrant group, rural–urban migrants are concentrated in the lower economic
strata. The economic and social disadvantages that this aﬀords act to create mortality
diﬀerentials between rural–urban migrants and urban non-migrants. This process is
only in operation in the oldest age group, reflecting the importance of socioeconomic
determinants of mortality at older ages.
Conclusion
Rural/urban residence has a significant eﬀect on mortality in India, independent of the
characteristics of the children, yet this relationship disappears with the introduction
of environmental and health care variables. Place of residence is thus an important
correlate of under-two mortality, and the relationship is explained by the diﬀering
social, environmental and health care infrastructures of rural and urban areas.
Migration between rural and urban areas has no eﬀect on mortality when socio-
economic, health care and biodemographic factors are controlled for. When migration
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status is used as the only explanatory variable, there are significant diﬀerences in the
odds of mortality in the neonatal and late post-neonatal and toddler groups. Further
modelling shows that these mortality diﬀerentials disappear when socioeconomic and
health care variables are controlled for. The results suggest two processes are acting
to create mortality diﬀerentials between migrant and non-migrants. The selectivity of
rural–urban migrants on factors that predispose them to lower levels of infant/child
mortality acts to create neonatal mortality diﬀerentials between rural–urban migrants
and rural non-migrants. Problems faced by rural–urban migrants in assimilating into
their new urban environment (as indicated by their lower socioeconomic position
relative to urban non-migrants) results in rural–urban migrants having higher odds of
mortality than urban non-migrants. This process is only in operation at older ages
(8–24 months), reflecting the greater influence that socioeconomic factors have on
mortality at older ages.
The results show that the three-level relationship between rural–urban migration
and mortality, as identified by Brockerhoﬀ (1995), is present in late post-neonatal and
toddler mortality in India, but does not adequately explain the relationship between
rural–urban migration and neonatal mortality. Rural–urban migrants do not have
significantly diﬀerent levels of neonatal mortality to urban non-migrants, indicating
that migration to an urban area increases the survival prospects of neonates to the
extent that they adopt urban rates of mortality. Rural–urban migrants experience
higher levels of late post-neonatal and toddler mortality, a product of their inferior
socioeconomic situation relative to urban non-migrants. These results highlight the
need to target migrant groups within urban areas in the provision of health care
services, and demonstrate that rural areas continue to experience the highest levels of
infant/child mortality. Further research is needed to understand the health care needs
of migrants in urban areas in order to inform the provision of appropriate health
care.
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